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METHOD AND KIT FOR PMMER BASED MULTIPLEX 
AMPLIFICATION OF NUCLEIC ACEDS 



BACKGROUND 

One important issue for the effective containment and control of any agent is a timely and 
accurate diagnosis of patients infected with that agent. One aspect of such a diagnosis includes 
differential diagnosis. By differential diagnosis it is meant the determination and identification of 

10 those patients having a disease state or condition caused by a disease agent of interest, and those 
patients having a disease state condition caused by one or more secondary agents that result in a 
similar clinical manifestation. This differential diagnosis is critical since the symptoms/clinical 
manifestations observed in conditions caused by the disease agent of interest may also be 
observed in conditions caused by the secondary agents. Therefore, the possibility of 

15 misdiagnosis is a significant issue. Such misdiagnosis can result in both false positives, and false 
negatives. Each of these types of misdiagnosis has a detrimental impact of the containment and 
control of the disease agent. For example, a false negative will allow an infected individual to 
continue to spread the disease agent to the general population. A false positive will result in an 
increased burden on the healthcare system and on the individuals required to undergo needless 

20 treatment. 

False positives and false negatives can be of special concern in cases of bioteirorism, 
where accurate and rapid identification of the causative agent is required for containment, control 
and an effective public health response. The growing concern regarding the use of bioterrorism 
has prompted Federal health agencies to accelerate measures to protect the public from such 

25 attacks. In February, 2002, the National Institute of Allergy and Infectious Diseases (NIAID) 
released its Biodefense Research Agenda for CDC category A, B and C agents. One of the goals 
of this research agenda was the development of diagnostic test applicable to agents that may be 
used in bioterrorism. The Agenda stated "A successful response to a bioterrorist threat requires 
diagnostics that can identify the pathogen involved. However, the initial clinical signs and 

30 symptoms of many agents considered biothreate are nonspecific and resemble those of common 
infections. The ability to rapidly identify the introduction of a bioterrorism organism or toxin will 
require diagnostic tools that are highly sensitive, specific, inexpensive, easy to use, and located in 

primary care settings." 

As an example of the problems and issues discussed above, consider the recent outbreak 
35 of the severe acute respiratory syndrome (SARS). The clinical symptoms of SARS, especially in . 
the early stages, included fever, chills and moderate to severe coughing. Obviously, these 
symptoms are observed in a number of conditions caused by other agents. Other agents capable 
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of causing conditions with SARS-like symptoms include, but are not limited to, respiratory 
syncytial virus, parainfluenzaviruses type 1 and type 3, influenza A and B viruses, enterovirus, 
adenovirus, Mycoplasma pneumoniae, and Chlamydia pneumoniae. 

There are three classes of diagnostic tests commonly used in the detection of disease 
5 agents: i) ELISA tests; ii) cell culture methods; and iii) molecular tests. Each of these tests has 
their own advantages and disadvantages. The ELISA (Enzyme Linked Immunoabsorbant Assay) 
is an antibody test. It detects antibodies to the disease agent in the serum of patients reliably by 
day 21 after the onset of clinical symptoms. ELISA is specific, but the detection comes too late 
for detection to be useful in disease management. It caa not provide the much needed early 
10 information required for the containment and control of the disease agent. 

Cell culture methods detect the presence of live agent. A sample is taken from an 
individual suspected of being infected with the disease agent and the disease agent is propagated 
in cultured cells or cultured according to defined conditions on selective culture media. Either 
process is a time-consuming, demanding and dangerous task, but it is the only means to show the 
15 existence of the live agent. As with the ELISA, the test is relatively specific, but the detection 
comes too late for detection to be useful in disease management. 

The molecular tests generally use any one of a number of variations on the polymerase 
chain reaction (PCR). PCR can detect genetic material of an agent in various specimens (blood, 
stool, respiratory secretions or body tissue) from the individual suspected of being infected by the 
20 disease agent Existing PCR tests are very specific, but lack sensitivity. This is because the agent 
may not yet be present in the patient specimens or the amplification and detection schemes fail to 
identify the genetic material. Therefore, a negative test can't rule out the presence of the disease 
agent in an individual. 

Multiplex PCR allows the amplification of target sequences from multiple organisms in 
25 one reaction using multiple sets of locus specific primers. Therefore, multiplex PCR is suited to 
differential diagnosis. However, multiplex PCR methods have limitations. There are two major 
problems associated with the multiplex PCR method. One is that each target sequence (or locus) 
to be amplified has its own amplification efficiency. The locus specific amplification efficiency is 
determined by multiple fectors including the composition of the primer targets, binding affinity of 
30 the primers to their targets, priming efficiency of the primers and availability of reaction 
components. Combining multiple target loci in one reaction may introduce incompatibility 
between various primer sets which results in preferential amplification or inhibition of some 
amplification reactions. The second issue is the identification of the optimal primer to locus ratio. 
If the primer concentrations are set too high, primer dimmers and background amplification will 
35 occur. If, however, the primer concentrations are too low, the desired exponential amplification of 
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the target sequence will not occur. 

In order to optimize multiplex PCR, the concentrations of primers, buffer, dNTPs, 
enzyme, and MgCl 2 need to be determined empirically for each set of primer combinations. It is a 
time consuming process which needs to be conducted for each lot of me produced assay. A 
successful multiplex PCR is not guaranteed even after exhaustive optimization experiments. 

The present disclosure provides a quick, accurate molecular diagnostic method for the 
diagnosis of a disease agent and/or the differential diagnosis of a disease agents in the presence of 
one or more secondary disease agents. Briefly nucleic acid samples are obtained from samples 
suspected of containing the disease agent and/or secondary disease agents; the nucleic acid may 
be DNA or RNA (either positive strand or negative strand) or a combination thereof. A multiplex 
amplification reaction is used to amplify pre-determined target sequences from the nucleic acid 
through one amplification reaction in one vial. The amplification products containing the target 
sequences are detected and differentiated using a multiplex detection strategy. The detection of 
the target sequence from a disease agent or secondary disease agent indicates its presence in the 
sample. Using the method disclosed herein, a diagnosis or differential diagnosis of a disease 
agent can be made in as little as 3 hours. The high throughput ability allows the analysis of 
hundreds of samples per day without the need for complex and time consuming optimization 
procedures for each primer combination. Such methods are lacking in the art. 

BREIF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and IB are illustrations of two embodiment of the Tem-PCR amplification process. 
FIG. 2 is an illustration of one embodiment of the direct detection methodology. 
FIG 3 is an illustration of one embodiment of the indirect detection methodology. 

DETADL.ED DESCRIPTION 

The method described herein, termed the Multiplex Analysis System (MAS) provides a 
rapid and convenient format for diagnosis of disease agents and/or differential diagnosis of 
disease agents and secondary disease agents. As used in.this specification, an "agent" means any 
organism, regardless of form, that incorporates a nucleic acid and that causes or contributes to an 
infection, a symptom, or a condition, including, but not limited to a bacteria (list classes), a virus 
(the virus may have a DNA genome, a negative strand RNA genome or a positive strand RNA 
genome) or a parasite. The infection, symptom, or condition caused by or related to the disease 
agent sought to be diagnosed is referred to in this specification as the "disease state". As used in 
this specification, a "disease agent" means any agent that causes or contributes to disease state 
sought to be diagnosed. In one embodiment, the disease agent and/or the disease state sought to 
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be diagnosed will be determined in advance by a healthcare provider or other person. In one 
embodiment the disease agent may be involved in bio-weapons programs, such as the organism 
described as potential biothreats which are described in the NIAID Biodefense Research Agenda. 
As discussed herein, the MAS can be used in differential diagnosis. When discussing differential 
5 diagnosis, reference will be made to the disease agent and one or more secondary disease agents. 
As used in this specification, the "secondary disease agent(s)" means any agent that presents a 
similar clinical presentation to the disease state caused or contributed to be the disease agent. As a 
result, a differential diagnosis using the MAS will be able to accurately determine the presence of 
the disease agent if the disease agent is present, as well as the presence of any secondary disease 

1 0 agents that may be present. 

As used interchangeably in this disclosure, the terms "nucleic acid molecule(s)", 
"oligonucleotide^)", and "polynucleotide^)" include RNA or DNA (either single or double 
stranded, coding, complementary or antisense), or RNA/DNAhybrid sequences of more than one 
nucleotide in either single chain or duplex form (although each of the above species may be 
particularly specified). The term "nucleotide" is used herein as an adjective to describe molecules 
comprising RNA, DNA, or RNA/DNA hybrid sequences of any length in single-stranded or 
duplex form. More precisely, the expression "nucleotide sequence" encompasses the nucleic 
material itself and is thus not restricted to the sequence information (i.e. the succession of letters 
chosen among the four base letters) that biochemically characterizes a specific DNA or RNA 
molecule. The term "nucleotide" is also used herein as a noun to refer to individual nucleotides or 
varieties of nucleotides, meaning a molecule, or individual unit in a larger nucleic acid molecule, 
comprising a purine or pyrimidine, a ribose or deoxyribose sugar moiety, and a phosphate group, 
or phosphodiester linkage in the case of nucleotides within an oligonucleotide or polynucleotide. 
The term "nucleotide" is also used herein to encompass "modified nucleotides" which comprise at 
least one modification such as (a) an alternative linking group, (b) an analogous form of purine, 
(c) an analogous form of pyrimidine, or (d) an analogous sugar. The polynucleotide sequences of 
the invention may be prepared by any known method, including synthetic, recombinant, ex vivo 
generation, or a combination thereof, as well as utilizing any purification methods known in the 
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The MAS described herein is capable of detecting disease agents that cause or contribute 
to a variety of disease states. The MAS can be used in differential diagnosis to determine if a 
specific disease agent is present and to determine if secondary disease agents are present. 
However, it is not required that the MAS be used in a differential diagnosis application. The 
MAS can also be used to diagnose the presence or absence of genetic mutations related to disease 
states, the presence or absence of single nucleotide polymorphisms (SNPs), to determine gene 
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expression profiling, and to determine gene dosage mutations. Applications of these alternative 
uses of the MAS are described in co-pending U.S. application serial number 10/284,656. Other 
uses of the MAS will be appreciated by those skilled in the art. 

The MAS described may comprise three steps: i) nucleic acid isolation; ii) multiplex 
5 amplification to amplify the nucleic acid sequences from Ihe disease agent or secondary disease 
agent containing the target sequence(s); and iii) multiplexed detection of the target sequences 
amplified in step (ii). In the embodiment of the MAS described the simultaneous isolation of 
both RNA (both positive and negative strand) and DNA is provided. Simultaneous isolation of 
both RNA and DNA is advantageous since the disease agent and the secondary agents may have 
10 different nucleic acid genomes. Without dual amplification of DNA and RNA, multiple samples 
would be required to be tested. In an alternate embodiment, where the disease agent and the 
secondary disease agents each have an identical type of nucleic acid genome, the nucleic acid 
isolation step may isolate only one type of nucleic acid. The MAS is highly adaptable, allowing 
new agents and mutants of known and new agents to be included when they become known 
15 through appropriate design of the primer sequences used in the multiplex amplification step. As 
will be discussed in more detail below, in one embodiment, the multiplex amplification strategy 
used in the MAS utilizes unique and heretofore unappreciated methods to reduce incompatibility 
between various primer pairs and to increase sensitivity and specificity of the multiplex 
amplification reaction over those of currently available methods. The entire MAS procedure can 
20 be accomplished in as little as three hours. 

The MAS is described generally so that its application can be understood. The MAS 
method can be used to determine the presence of a disease agent from a sample obtained from an 
individual suspecting of harboring said disease agent, and to therefore, identify and diagnose 
those individuals who have a disease state caused by or contributed to by the disease agent. The 
25 MAS may be used in differential diagnosis involving the disease agent and one or more 
secondary disease agents. Although the MAS can be used to determine the presence of any 
disease agent, an example is provided illustrating the differential diagnosis where SARS is the 
disease agent, and where respiratory syncytial virus A and B, HPIV 1 and 3, influenza A and B, 
enterovirus, adenovirus 4 and 21, C. pneumoniae and M. pneumoniae are the secondary disease 
30 agents. However, the MAS can be used to determine the presence of any disease agent and 
secondary disease agent through appropriate design of the multiplex amplification 

The various components of the MAS are described in greater detail below. It should be 
appreciated that while certain embodiments are discussed in regard to these components, other 
methods known in the art for accomplishing the same ends should be considered within the scope 
35 of the present disclosure. In addition, various embodiments of the MAS may use different 
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metnoas ot carrying out me steps described below, depending on the purpose of the MAS, the 
nature of the disease state, and the nature of the disease agent and one or more secondary disease 
agents. 

Nucleic Acid Isolation 

In one embodiment of the MAS, a nucleic acid isolation step is used that isolates both 
RNA and DNA in one reaction. In an alternate embodiment, RNA and DNA may be isolated 
independently and then combined for use in the MAS. In yet another alternate embodiment, when 
only one type of nucleic acid is required to be isolated (such as when all the disease agents and 
secondary disease agents of interest have the same type of nucleic acid genome), nucleic acid 
isolation methods that isolate only RNA or DNA may be used. A variety of techniques and 
protocols are known in me art for simultaneous RNA and DNA isolation and the separate 
isolation of each and such techniques and protocols may be used. The nucleic acid isolation 
described may be used to isolate nucleic acid from a variety of patient samples or sources. The 
types of patient samples/sources include, but are not limited to, nasaVpharyngeal swabs, saliva, 
sputum, serum, whole blood and stool. 

The nucleic acid isolation method may satisfy one or more of the following requirements. 
First, the nucleic acid isolation method may inactivate any disease agent and any secondary 
disease agents that may be present in the patient samples. As a result, the risk to laboratory and 
healthcare personnel is reduced. Furthermore, the remaining steps of the MAS can be completed 
without the requirement for stringent bio-containment procedures if desired. In addition, the 
method may allow for the removal or PCR and RT-PCR inhibitors and other unwanted 
compounds from the isolated nucleic acid. 

In one embodiment, a dual RNA/DNA isolation method is used employing a trizol based 
reagent for initial isolation of RNA and DNA from patient samples. Upon contact with patient 
samples, the phenol and high salt reagents in the trizol effectively inactivate any disease agent or 
secondary disease agent that may be present in the patient sample. In order to allow for the dual 
isolation of RNA and DNA in the same phase with a single step, the pH of the trizol solution may 
be adjusted towards neutral (instead of acidic). After the RNA and DNA are isolated from the 
patient samples, a silica based column may be used to further isolate the RNA and DNA. The use 
of silica based columns allows for wash steps to be performed quickly and efficiently while 
minimizing the possibility of contamination. The wash steps may be used to remove PCR and 
RT-PCR inhibitors. The column method for nucleic acid purification is advantageous as it can be 
used with different types of patient samples and the spin and wash steps effectively remove PCR 
or RT-PCR inhibitors. 

In one embodiment, the nucleic isolation is carried out using the dual RNA/DNA isolation 
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kit provided by Umega Bio-lek according to manufacturer's instructions. Briefly, 250ul of 
subject sample is added to 1 ml of nucleic acid isolation reagent (trizol reagent) followed by 
250ul chloroform. The mixture is thoroughly mixed, such as by vortexing. Samples are 
centrifuged at 12,000 x g for 10 minutes to separate Ihe aqueous and organic phases. The upper 
aqueous phase is carefully transferred into a new 1 . 5 ml centrifuge tube. An equal volume of 70% 
ethanol is added and the samples mixed, such as by vortexing. The sample are applied onto a 
HiBind spin column set in a collection tube and centrifuged at 10,000 x g for 15 seconds. The 
flow through is discarded. 500ul of Wash Buffer I is added to the column and the column 
centrifuged for 15 seconds. The column is washed with 500ul of Wash Buffer II, twice, for 15 
seconds each. The RNA/DNAwas elutedby adding 50ul of RNase-free water and centrifuging at 
maximum speed for 1 minute. The nucleic acid samples may then be used for the amplification 

steps as described below. 

In addition to the trizol method described above, other methods may be used to isolate 
RNA and/or DNA. In an alternate embodiment, LNA-conjugated magnetic beads are used. LNA 
(Locked Nucleic Acids) are a class of nucleic acids containing altered nucleosides whose major 
distinguishing characteristic is the presence of a methylene bridge between the 2'-0 and 4'C 
atoms of the ribose ring. LNA nucleosides containing the five common nucleobases that appear 
in DNA and RNA (A,T,U,C,G) can base-pair with their complementary nucleosides according to 
Watson-Crick rules. The molecular differences between normal nucleosides and LNAs give rise 
to differences in the stability of nucleic acid duplexes formed between LNA containing nucleic 
acids and non-LNA containing nucleic acids. Typically, each LNA nucleotide incorporated 
increases the T m of a LNA/DNA nucleotide complex by 2-6°C as compared to a corresponding 
DNA/DNA complex. LNA-containing oligonucleotides capable of binding to the nucleic acid of 
disease agent and secondary disease agents (either through specific or non-specific interactions) 
could be linked to magnetic beads in order to isolate said nucleic acid. The LNA-containing 
oligonucleotides will bind to nucleic acid of the disease agent or secondary disease agent; 
separation may then be achieved by a simple magnetic separation and washing step. The process 
also allows the removal of PCR inhibitors. The LNA-containing oligonucleotide/magnetic bead 
conjugates could be mixed directly with PCR or RT-PCR reagents for use in the multiplex 
amplification step. Using the LNA-containing oligonucleotide magnetic beads, patient samples 
with high volumes can be efficiently processed. The LNA method may be used conjunction with 
the triazol dual extraction method described above or any other method known in the art or 
described in this specification for isolating DNA and/or RNA. 
Multiplex Amplification 
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A variety of multiplex amplification strategies may be used with the MAS. Many such 
amplification strategies are known in the art The multiplex amplification strategy may use PCR, 
RT-PCR or a combination thereof depending on the type of nucleic acid contained m the disease 
agent and secondary disease agent. For example, if an RNA genome is present, RT-PCR may be 
utilized. The methodology of PCR and RT-PCR are well known in the art In one embodiment 
the multiplex amplification strategy employed in the MAS is unique. This unique multmlex 
amplification strategy is termed target enriched multiplex PCR (Tem-PCR) and allows the 
efficient amplification of one or more target sequences from a disease agent and/or secondary 
disease agents without extensive empirical testing of primer combinations and amplification 
conditions as is required with other multiplex amplification methods known in the art As used in 
this specification, a "target sequence" is a nucleotide sequence from a disease agent or a 
secondary disease agent that is to be amplified and ultimately detected; the target sequence is 
contained in a larger nucleic acid sequence amplified by the primer sets described herein. Each 
target sequence for amplification is selected so that on detection (as discussed below) it allows 
the identification of a disease agent or secondary disease agent if either is present in the sample. 
The detection of the amplified target sequence (either directly or indirectly- see discussion below) 
will indicate the presence and identity of the disease agent or the secondary disease agent and 
thereby diagnose the relevant disease state. In one embodiment a single target sequence is 
selected for amplification from each disease agent and each secondary disease agent to be tested, 
m an alternate embodiment more than one target sequence is selected for amplification fiom 
each disease agent and each secondary disease agent. In yet an additional embodiment, more 
than one target sequence is selected for amplification from the disease agent and a single target 
sequence is selected for amplification from each secondary disease agent. 

The principle of Tem-PCR is illustrated in FIGS. 1A and IB. FIG. 1A illustrates the use 
of 3 primer oligonucleotide pairs for the amplification of the target sequence. The primer 
oligonucleotides are indicated as F out (outside forward primer) F in (inside forward pnmer), R, ut 
(outside reverse primer), R n (inside reverse primer), FSP (forward super primer) and RSP 
(reverse super primer). The 3 primer pairs illustrated in FIG. 1 comprise 2 pairs of target 
enrichment primers (F out and Rout; and F in , and R in ) and 1 pair of target amplification primers 
, (FSP and RSP). As discussed below, additional target enrichment primers and target 
amplification primers may be incorporated as desired. The target enrichment primers, m this 
embodiment F out and R, ut and F in , and Rin , are designed to hybridize specifically to the nucleic 
acid containing the target sequence and to bracket the target sequence as illustrated m FIG. 1 A. 
Therefore, the first set of target enrichment primers, F out and R,,* binds the nucleic acid 
5 containing the target sequence and brackets the target sequence (one of F out and R, ut is on the 5', 
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or left, side of the target sequence and the other is on the V, or right, side of the target sequence). 
The second set of target enrichment primers, F ta and binds the nucleic acid contammg the 
target sequence and brackets the target sequence as described for the first set of target ennchment 
primers. The second set of target enrichment primers binds to the inside of the first set of target 
5 enrichment primers as shown in FIG. 1A. This location is defined as proximate to the target 
sequence; in other words, the second set of target enrichment primers binds the nucleic acid 
containing the target sequence such that the second set of target enrichment primers are located 
closer to the target sequence as compared to the first set of target enrichment primers. 

Each of the primers in at least one of the first or second primer enrichment pairs further 
10 comprises a super primer binding tag on its 5' end. The super primer binding tag is an 
oligonucleotide sequence that is identical to the sequence of the target amplification primers 
(RSP and FSP). During amplification during the TemPCR process, the primer pair containing the 
super primer binding tag is copied into its complement to create a binding site for the at least one 
pair of target amplification primers (FSP and RSP) to allow exponential amplification of the 
15 target sequence. In the embodiment shown in FIG. 1 A, the second target enrichment primer pair 
comprises the super primer binding tag, with F, containing a super primer binding tag identical to 
the sequence of the FSP and * containing a super primer binding tag identical to the sequence of 
the RSP. The outside primers may comprise the super primer oligonucleotide tag is desired, with 
the principles of operation being the same as described above. 
20 The specificity of the hybridization between the target enrichment primers and their 

nucleic acid sequences can be adjusted by increasing or decreasing the length of the primer 
sequence responsible for hybridization as is known in the art. In general, a shorter pnmer 
sequence will give increased specificity while longer primer sequence will provide greater 
hybridization efficiency. Furthermore, increasing or decreasing the lengths of the pnmer 
25 sequence responsible for hybridization may also determine which primers are active during the 
various stages of the TemPCR amplifications process (see discussion below). In one embodiment, 
the length of the target enrichment primers is from 10 to 50 nucleotides. In an alternate 
embodiment, the length of the target enrichment primers is from 10 to 40 nucleotides. In yet 
another alternate embodiment, the length of the target enrichment primers is from 10 to 20 
30 nucleotides. The primers in each set of the target enrichment primers may be different lengths if 
desired For example, in one embodiment, the target enrichment primers F out and R** are 15-25 
nucleotides in length and the target enrichment primers F* and R* are 35 to 45 nucleotides in 
length (with such length not including the super primer binding tag). 

The first set of target amplification primers, FSP and RSP in FIGS. 1A and IB, are 
35 common primer sequences and are used for the universal amplification of nucleic acid amplified 
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during the target enrichment step (which contains the target nucleic acid). In one embodiment, the 
length of the target amplification primers is from 10 to 50 nucleotide, In an alternate 
embodiment, the length of the target amplification primers is from 10 to 40 nucleotide. In yet 
another alternate embodiment, the length of the target amplification primers is from 10 to 

nucleotides. A 
The target enrichment primers are used at low concentrations for enrichment (,e. limited 
amplification) of the target sequence, while the target amplification primers are used at high 
concentration for exponential amplification of the target sequence, Since any convenient target 
sequence can be chose for amplification and detection, the sequence of the nested pnmers are 
dictated only by the nature of the nucleic acid sequence flanking the target sequence. Therefore, 
the target enrichment primers can be designed with minimal constraint on their composition. The 
use of at least one set of nested primers that does not contain the oligonucleotide tag (such as F out 
and IW in FIG. 1A) may increases the efficiency of the initial reverse transcription reaction. 
Multiple sets of target enrichment primers may enhance the sensitivity and specificity of the 
assay by allowing more opportunity and combinations for the nested primers to work together to 
provide target sequence enrichment. In addition, since the target enrichment primers are present 
at low concentrations, are not labeled, and are not responsible for the exponential amplification of 
the target sequences, the design of the target enrichment primers does not raise significant issues 
regarding compatibility regarding the various combinations of target enrichment primers. As 
discussed below, the exponential amplification is carried out by the super primers. This aspect of 
Tem-PCR allows the simple and rapid modification of the assay to detect additional disease 
agents and secondary disease agents. 

° Although the embodiments illustrated in FIGS. 1A and IB show the use of one or two set, 
of target enrichment primers to amplify a given nucleic acid containing the target sequence, more 
than 2 sets of target enrichment primers may be used if desired. In one embodiment, 3 to 6 sets of 
target enrichment primers are used in the Tem-PCR reaction. In an additional embodiment, 3 to 5 
sets of target enrichment primers are used. In an alternate embodiment, 3 to 4 sets of target 

enrichment primers are used. 

More thanl set oftarget amplification primers may also be used. When more than 1 setof 
target amplification primers are used, the sequences of the multiple sets of target amplification 
primers are selected so that they are compatible with one another in the exponential amplification 
step In other words, the multiple sets of super primers would share similar T m s when biding to 
the super primer binding sites on the amplified target nucleic acid and have similar amplification 
efficiencies. Multiple target amplification primers may be used when one or more of the disease 
agent or secondary disease agents are present at different titers/concentrations. If there is a 
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significant difference in titer, then with only 1 set of target amplification primers, preferential 
amplification of the high titer agent may occur. This could result in a false negative diagnosis for 
the agent present at the lower titer. Such biased amplification may be avoided by using multiple 
sets of target amplification primers. In one embodiment, 2-8 sets of target amplification primers 
5 are used. In an alternate embodiment, 2-6 sets of target amplification primers are used. In yet 
another alternate embodiment, 2-4 sets of target amplification primers are used. 

The target amplification primers are used at high concentrations. The sequence of the 
target amplification primers are the same for each target sequence to be amplified if one set of 
target amplification primers are used, or the target amplification primers are designed to share 
10 have similar amplification characteristics for each target sequence to be amplified if multiple sets 
of target amplification primers are used. In one embodiment, both of the target amplification 
primers incorporate a means for detection mat enables the amplified products to be detected 
and/or manipulated as described below. In an alternate embodiment, only 1 of the two target 
amplification primers incorporates a means for detection. In yet another alternate embodiment, 
15 only the RSP of the target amplification primers incorporates a means for detection. As used m 
this specification, a means for detection may be any element that is known in the art, such as a 
chemical element, an enzymatic element, a fluorescent element, or a radiolabel element. In one 
embodiment, the means for detection may be a fluorescent element, such as, but not limited to, a 
Cy-3 label The fluorescent element may be directly conjugated to the super primer sequences or 
20 may be indirectly conjugated. In the case of indirect conjugation, the means for detection may be 
a biotin molecule (i.e. a chemical element) and the fluorescent element may be conjugated to an 
avidin or streptavidin molecule. The detection means may be manipulated as described below. 

The target enrichment primers used in the Tem-PCR method are not used in a two-step 
PCR reaction as is commonly known in the art for nested primer applications. In Tem-PCR the 
25 target enrichment primers are used in a one step PCR reaction. Since the target enrichment 
primers are present in low concentrations, the target enrichment serve a target-enrichment 
purpose, rather than a target amplification purpose. The concentration of the target enrichment 
primers is not sufficient for exponential amplification of the target sequences. The target 
enrichment primers also serve to open up local template structures and therefore increase 
30 amplification sensitivity and/or efficiency. The exponential amplification of the sense target 
sequence is accomplished using the FSP and RSP. 

As used in this specification, a "low concentration" when used to described the 
concentration of the target enrichment primers means a concentration of primers that is not 
sufficient for exponential amplification of the given target sequence(s) but is sufficient for target 
35 enrichment of the given target sequences. This low concentration may vary depending on the 
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nucleotide sequence of the nucleic acid containing the target sequence to be amplified. In one 
embodiment, a concentration of target enrichment primers is in the range of 0.002 uM to less 
than 0 2 uM. In another embodiment, a concentration of target enrichment primers is in the range 
of 0 002 uM to 0.15 uM. In an alternate embodiment, a concentration of target enrichment 
5 primers is in the range of 0.002 uM to 0.1 uM. In yet another alternate embodiment, a 
concentration of target enrichment primers is in the range of 0.002 uM to 0.05 uM. Other 
concentration ranges outside those described above may be used if the nature of the nucleic acid 
sequence containing the target sequence to be amplified is such that concentrations of target 
enrichment primers below or above the ranges specified are required for target ennchment 
10 without exponential amplification. The various target enrichment primers may be used m 
different concentrations (i.e. ratios) or at the same concentration. 

As used in this specification, a "high concentration" when used to described the 
concentration of the target amplification primers (FSP and RSP) means a concentration of 
primers that is sufficient for exponential amplification of the given target sequence. In one 
15 embodiment, a concentration of target amplification is in the range of 0.2 uM to 2.0 uM. In 
another embodiment, a concentration of target amplification primers is in the range of 0.2 uM to 
1 0 uM In an alternate embodiment, a concentration of target amplification primers as in the 
range of 0.2 uM to 0.8 uM. In yet another alternate embodiment, a concentration of target 
amplification primers is in the range of 0.2 uM to 0.4 uM. Other concentration ranges outside 
20 those described above maybe used if the nature of the nucleic acid sequence containing the target 
sequence to be amplified is such that concentrations of target amplification primers below or 
above the ranges specified are required for exponential amplification. The super primers may be 
used in different concentrations (i.e. ratios) or at the same concentration. 

As a general rule, a primer concentration in the range of 0.2 uM is generally used as a 
25 starting point for primer concentrations in order to achieve exponential amplification of a given 
target sequence. The target enrichment primers and the target amplification primers may be used 
in various ratios to each one another as discussed herein. 

During the amplification process when two sets of target enrichment primers are used 
(FIG. 1A), the two sets of target enrichment primers will generate four possible amplified 
30 products, each containing the target sequence: F out /Pw, Fout/Rta; F in /Ro Ut ; and F in /R in . The super 
primer binding tag will be incorporated into any amplification product amplified using a target 
enrichment primer comprising the super primer binding tag, such as the F in or R in primer in FIG. 
1A However, the super primer binding tag is not useful for exponential amplification by the 
target amplification primers at this point since the super primer binding tag is identical to the 
35 sequence of the target amplification primers. In order to generate a super primer binding site, the 
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amplification producte contennng me super prmmr binding teg mus, be amplify a second time 
in ft. opposite Option of the first ampBficnon. The multiplex amplification pmtecol 
(tossed below) utilizes a mnlti-step procedure ma, allows for incorporation of the super prtmer 
binding teg in* the amplification products. These steps are refermd » as tire tinge, enncbmen, 
5 steps and tire selective amplification slops. The targe, enrichment step ma, be used on ds own or 
in combination with tine selective ampnficetion step. Tire targe, enrichment and selecteve 
amplication steps are optimized .o provide conditions retired for me low concentration terge, 
enrichment primem «o hybridize m men hybridization terge,s for terge, enrichment These steps 
cma,. snfficien, amplified produc, «o serve as tire basis for tire exponential amplication 
10 pmcedure to be carried ou« by ft. terge, amplification primers. Therefore, a, the low 
concentiations used, tire terge, onrichmen. primers will generate targe, specific sequences wti, 
su per primer binding tegs incorporated tirerein These super primer binding tegs wffl generate 
s.per primer binding sequences for use by tire terge, amplification primers for exponentiM 
amplification of the terge, sequences. The resetting amplified terge, aequences can be detected 
,5 ^rngtergetspecffioreporterCalsomfe^dteaadetectio^ohgonucleotideasdescnhedbelow. 

The result of tire Tem-PCR amplification procedure is the specific enrichment of target 
sequences by tire terge. enrichment primers, and me subsequent exponential amplification of the 
terge, sequences by tire terge, amplification primers otitizing me super primer bmdmg srtes 
provided by tire copying of amphfication prodncte containing tire snper primer bmdmg tegs. 
20 Since me exponential amplification of me each of me terge, sequences is carried out by one or 
mom sete of terge, amplification primera me amplification conditions can be atendamrzcd and 
optimize teking into account only tire terge, amplification primers. Therefore, mcompanm *y of 
ft. exponential amplification reaction cnnditions is no, of concern as is the case for multiplex 
amplification methods currently known in the art. 
25 The Tem-PCR amplification strategy prodnces decreased background since only me terge, 

amplification primers are preen, in high concentiations. As a result, me occurrence of prime. 
di Lr formation and related phenomenon are reduced. Further adding «o tire reduced 
background, since only tire s^er primera (or 1 of each se, of super primers) are conjngated wdh a 
menus for detection, even if primer dimmer formation occurs, i, will no, be detected by he 
,0 reporter oligonucleotides. The reduced tackgronnd wiU decrease dre chance of ftlae posrtive 

"""^T^e ratios of me mrge, enrichment primem <F« F,„ R«* and RJ used in me Tem-PCR 
amplification moused may be varied. Different pamogen genomes may have different terget 
enrichment primer reqmremente. As discussed previously, some disease agente and secondary 
disease agente may have DNA genomes « RNA genomes (positive or negative stiand). In 
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addition, the concentration of target amplification primers may also be varied, especially if only 1 
of the super primers is conjugated to a means for detection. Multiplex amplification where at least 
one of the target enrichment primers or super primers is used at a ratio different than 1:1 is 
referred to as asymmetric multiplex amplification. 
5 In an experiment conducted using various target enrichment primer and target 

amplification primer ratios it was determined that increased amplification of the target sequences 
derived from negative strand RNA genomes occurred at a range of primer concentrations. In one 
embodiment, the concentration of F out was 1.0 to 8-fold greater than the concentration of the 
remaining target enrichment primers. An exemplary ratio would be 4:1:1:1 for F 0 u,:Fi„:Rou,:Rn. 
10 For negative stranded RNA viruses, the amount of F out may be increased over the ratio of the 
remaining nested primers in order to provide for initial amplification of a positive RNA strand 
complementary to the genomic negative strand RNA. In one embodiment, increased 
amplification was observed when the concentrations of target amplification primers are about 
1 25 to 32-fold greater than the concentration of F„ ut . An exemplary ratio would be 4:1:1:1:10:40 
15 for F out :F ta :R out :R i „:FSP:RSP, respectively. The ratios of the individual target amplificaiton 
primers can also be varied with respect one another. This asymmetric variation has been shown 
to provide increased sensitivity in the detection step (see Table 4). In one embodiment, the super 
primer incorporating the means for detection is added in a higher concentration that the other 
super primer. In one embodiment the RSP contains the means for detection and is added at a 
20 higher concentration. Increased amplification of the target sequences was observed when the 
concentrations of RSP were 1.25 to 16-fold greater than the concentration of FSP. An exemplary 
ratio would be 10:40 for FSP:RSP, respectively. 

For amplification of target sequences from disease agents and secondary disease agents 
with positive stranded RNA genomes, additional primer ratios may be employed. In one 
25 embodiment, the concentration of Rout was 1.0 to 8-fold greater than the concentration of the 
remaining nested primers. An exemplary ratio would be 1:1:4:1 for F out :F in :Ro Ut :Ri, Forposmve 
stranded RNA viruses, the amount of R<> ut may be increased over the ratio of the remaining target 
enrichment primers in order to provide for increased amplification the RNA strand containing the 
target sequence. In one embodiment, increased amplification was observed when the 
30 concentrations of target amplification primers are about 1.25 to 32-fold greater than the 
concentration of Rou«. An exemplary ratio would be 1:1:4:1:10:40 for F ou t:F in :Rout:Rin:FSP:RSP, 
respectively. The ratios of the individual target amplification primers can also be varied wnh 
respect one another. This asymmetric variation has been shown to provide increased sensitivity 
in the detection step (see Table 4). In one embodiment, the super primer incorporating the means 
35 for detection is added in a higher concentration that the other super primer. In one embodiment 
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the RSP contains the means tor detection and is added at a higher concentration. Increased 

amplification of the target sequences was observed when the concentrations 

16-fold greater man the concentration of FSP. An exemplary ratio would be 10:40 for FSP:RSP, 

respectively. o _ +c 
5 For amplification of target sequences from tease agents and secondary drsease agents 

with DNA genomes, additional primer rafioa may be employed, fir one embodmrent, to 
concentration of to targe, enrichment primers are essentia!!, equivalent In an annate 
embodiment, to concentiation of one of F„ or fc. waa 1.0 to 4-fbld greater ton to 
concentration of to remaining nested primers. An exemplary ratio would be 1:1:1:1 for 
,0 F F -R- ,-Ra, In one embodiment increased amplification was observed when to 
10 I— nTof terge, amplification primers are about 1.5 to >^ ~~ » 
concenbadon of B_ An exemplar, ratio would he 1:1:1:1:10:40 for F M :F te :WR,:FSF.RSF, 
restively. The ratios of to individual targe, amplification prinrers can also be vaned wrih 
respect one anotor. This aaymmetiic variation baa been shown «o provide increased sensmvtty 
15 in to detection step (see Table 4). In one embodiment to super primer incorporating to means 
for detection is added in a higher conoentiation to, to other super primer. In one entodtmen 
toe RSP contains to means for detection and is added a, a higher conoentiation. Incmased 
amplification of to <arge, sequences was observed when to concentrations ofRSP were _!.««, 
,6-foldgreatertontoconcentiationofFSP. An exemplary ratio would be FSP .RSP, 

20 respectively. 

In to embodiment where only 1 pah of target enrichment primera is utihzed, to pnmers 
m .y be used a, to different ratios discussed above (including to diacussed terge, ampfification 
primer ratioa). wim to ratios of to F„ or R« primers above aerving aa to ratios for to 
cotrespondmg primera in to 1 pair of terge, enrichment primem The conoentiation of to terge, 
25 enrichment primers are essentially equivalent. 

Without being bound <o alternate explanations, i, is possible to, as to concentration of 
targe, enrichment primera increase, target sequences are amplified witou, a means for detection 
and are able to complete for binding * to reporter oligonucleotide wim to terge, sequences 
comprising a means for detention to, are amplified by to FSP and/or RSP. The asymmetirc 
30 amplification uulizmgto terge, amplification primers may also increaae amplification effimency 
and sensitivity when to super primer containing to meana for detention is used a, a hrgber 
conoentiation beoause more amplification products contenting to terge, sequence and to means 
for detection are produced and available for detection. Table 1 provides one se, of exemplary 
ratios for to concentration of F„,, F,„ Ro* and R,„ as well as FSP and RSP. 
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As discussed, above, the target amplification primers are used for the exponential 
amplification of each target sequence. The sequences of the target amplification primers are 
selected so they do not share obvious homology with any known GenBank sequences. In 
addition, the sequence of the target amplification primers is selected so they share a comparable 
5 Tm on binding to the super primer binding sites in the amplification products to provide efficient 
amplification reactions. Finally, the sequence of the target amplification primers may be selected 
such that their priming capabilities for thermal stable DNA polymerases maybe superior to the 
target enrichment primers which are specific for each target sequence to be amplified. 

The multiplex amplification is performed as per standard procedures known in the art. In 
10 one embodiment, RT-PCR or PCR is used as the amplification step. The PCR enzyme may be an 
enzyme with both a reverse transcription and polymerase function, such as Taq polymerase. 
Furthermore, the PCR enzyme may be capable of "hot start" reactions as is known in the art. The 
conditions for RT-PCR or PCR are known in the art. However, the applicants have produced an 
optimized set of RT-PCR and PCR conditions that are designed for use with the TemPCR method. 
15 The exact times and temperatures may be varied to accomplish the objects as discussed below as 
would be known to one of skill in the art In one embodiment, the RT-PCR or PCR conditions are 
as follows. The method below comprises a set of first amplification conditions for a first 
amplification reaction that serves a target enrichment function and a second amplification 
reaction that comprises a target amplification function. The samples containing the reagents for 
20 amplification were placed in a thermocycler programmed as follows: (i) reverse transcription- 30 
minutes at 50°C; (ii) initial PCR activation- 15 minutes at 95°C; (iii) first amplification reaction 
comprising a first 3-step cycling (target enrichment)- 0.5 to 1 minute at 92-94°C, 1 to 2.5 minutes 
at 50-55°C and 0.5 to 1 minute at 70-72°C; for at least 2 complete cycles, preferably for 10-15 
complete cycles; (iv) second amplification reaction comprising a second 3-step cycling (target 
25 amplification)- 15 to 30 seconds at 92-94°C, 15 to 30 seconds at 50-55°C and 15 to 30 second at 
70-72°C; for at least 2 complete cycles, preferably for 10-40 complete cycles; and (v) final 

extension- 3 minutes at 72°C. 

Step (i) allows for the reverse transcription reaction to occur in the cases where the 
nucleic acid of the disease agent and/or secondary disease agent is not DNA. Step (ii) allows for 

30 activation of the PCR enzyme function. This technique is known as "hot start" PCR, where at 
lower temperatures (50°C) the PCR enzyme function is only competent to carry out the reverse 
transcription reaction, but at higher temperatures the PCR enzyme function is capable of 
polymerase function. Incubation of the PCR enzyme function is required to relieve the inhibition 
of the polymerase function. The first amplification in step (iii) is designed to allow the target 

35 enrichment primers to hybridize to their targets and prime the target enrichment step. As can be 
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seen, additional time is allowed for the target enrichment primers to hybridize to their targets (2.5 
minutes at 50-55°C as compared to 15 seconds 50-55°C in step (iv)). Increased times are used 
since the target enrichment primers are used at lower concentrations. The target amplification 
reaction in step (iv) is the exponential amplification phase using the target amplification primers 
(which are at high concentration). Since the target amplification primers are present at high 
concentrations, increased hybridization times between the target amplification primers and targets 
are not required. Step (v) is the final extension step to generate full double stranded amplification 
products. Step (v) is optional and need not be included. 

In an alternate embodiment, the RT-PCR or PCR conditions are as follows. The reaction 
tubes containing the reagents for amplification were placed in a thermocycler programmed as 
follows- (i) reverse transcription- 30 minutes at 50°C; (ii) initial PCR activation- 15 minutes at 
95°C- (iii) first amplification reaction comprising a first 3-step cycling (target enrichment)- 0.5 to 
1 m inute at 92-94°C, 1-2.5 minutes at 50-55°C and 0.5 to 1 minute at 70-72'C; for at least 2 
complete cycles, preferably for 10-15 complete cycles; and a second 2-step cycling (selective 
amplification)- 15 to 30 seconds at 92-94°C, 1 to 2 minutes at 70-72°C; for at least 2 comp ete 
cycles, preferably 4-8 complete cycles; (iv) second amplification reaction comprising a thnd 3- 
step cycling (target amplification)- 15 to 30 seconds at 94°C, 15 to 30 seconds at 50-55 C and 15 
to 30 second at 72°C; for at least 2 complete cycles, preferably for 10-40 complete cycles; and (v) 

final extension- 3 minutes at 72°C. 

In this embodiment, the functions of the various steps are as described above. However, 
the first amplification reaction comprises an additional 3-step cycling procedure has been added 
to increase the production of amplification products incorporating the super primer binding tags, 
which ultimately give rise to amplification products containing the super primer binding sites. In 
the added 3-step cycling prodecure, the hybridization temperature in increased to 70-72 C (as 
; compared to 50-55°C in step (iii)). The hybridization time is also increased as discussed above to 
give the low concentration target enrichment primers an opportunity to hybridize to then targets. 
This increased hybridization temperature endures that only target enrichment primers of a certain 
length are stable enough to hybridize to their targets. In this embodiment, the F out and Rout 
primers are selected to have a length of 20 nucleotides or less, while the F in and R* primers 
0 (which in this embodiment comprise the super primer binding tags) are at least 30 to 40 
nucleotides in length. Therefore, the F out and primers are not thermally stable at 70-72 C, 
meaning they will not hybridize to their targets. However, the increased length of the F in and R ta 
primers ensures that these primers are thermally stable at 70-72°C and will hybridize to their 
targets In the selective amplification steps, the Fin and Rin primers hybridize along their entire 
length (40 nucleotides) to complementary sequences in the initial set of amplification products 
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created by the amplification in the opposite direction of taitial amplification products 
incorporating the Fin and Rin prime*, (in the «a*e. emichmen. step, the F„ and Rin pxnners Tie 
Fn, and Ru. primers produce an increased amonnt of amplification products containing the super 
primer binding tags,, which incre^ the amount of exponential amplification in *P (v). 
Wore, step (iv) is a setecuve amplification step biased towards producing ampliation 
products staining me super primer binding rags. This selective amplification is accomphshed 
without the need to engineer higher GC content or without tire need to use modified nucleotides 
to increase thermal lability. The amplification products of amp (iv) are then subject to 
exponential amplification as described above. 

Multiplex Detection 

A robust target sequence multiplex amplification method provides the basis for a sensrtive 
and specific multiplex detection. The multiplex detection method used in MAS complement, tire 
multiplex amplification » provide Valanced sensitivity and specificity in detection of ampltfied 
target sequences. Sensitivity and specificity are important isaues for a successful diagnostic test 

or differential diagnostic test. 

The multiplex detection method for use in MAS can be either a direct detechon or an 
indirect multiplex detection method. The nature of the target sequences will in part determme 
whether direct or indirect detection is used. For example, if the target sequences do not share 
extensive homology with one another, the required sensitivity and specificity may be obtained by 
directly hybridizing the reporter oligonucleotide to the target sequences. For example, » 
diagnostic test for a disease agents or differential diagnostic test for disease agents and at least 
one secondary disease agent, the multiplex amplification may be designed so that each of the 
target sequences amplified from the disease agent and the secondary disease agent do not share 
extensive homology so that direct detection may be used. However, if the target sequences 
amplified do share extensive homology with one another, additional steps may be incorporated m 
the multiplex detection step to add additional discrimination between the homologous sequences 
so that the required sensitivity and specificity are obtained. For example, in a diagnosuc test to 
determine the presence of one or more single nucleotide polymorphisms in the alleles of an 
individual, direct hybridization may not be able to provide the required allelic discriuunahon 
required to specifically detect target sequences differing by only one nucleotide. In this case, an 
indirect detection method may be used to add additional discriminatory power. 

FIG 2 shows an embodiment of the direct detection method. Amplified nucleic acm (1) 
containing a target sequence (6) from a multiplex amplification reaction is provided for detect™ 
(the amplification process may be the Tem-PCR process described herem). Reporter 
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oligonucleotides (2) comprising a hybridization domain (3) specific for a known target sequence 
(6) are provided and are conjugated to a means for first signal generation (4). The means for first 
signal generation is capable of producing a detectable first signal. The means for first signal 
generation (4) may be varied depending on the technology platform employed in the detection 
5 step For example, if the Luminex platform is employed as the technology platform m the 
detection step, the means for first signal generation (4) may be an internally color coded, 
spectrally addressable microsphere as shown in FIG 2. Variations to the direct detection methods 
described below are described in co-pending U.S. application serial number 10/284,656, with the 
implementation of such variations being obvious to one of ordinary skill in the art. 
10 The reporter oligonucleotides (2) are designed to hybridize specifically to a specific target 

sequence (6) provided by the multiplex amplification step discussed above. The specificity of the 
hybridization between the reporter oligonucleotide (2) and the target sequence (6) can be adjusted 
by increasing or decreasing the length of the hybridization domain (3) of the reporter 
oligonucleotide. In general, a shorter hybridization domain (3) will give increased specificity and 
15 differentiation as a mismatch between the target sequence (6) and the hybridization domain (3) 
will have a significant impact on the hybridization efficiency. A longer hybridization domain (3) 
will provide less specificity but greater hybridization efficiency and therefore increased 
sensitivity. The nature of the target sequence (6) will influence the composition of the 
hybridization domain (3). One of ordinary skill in the art would be able to alter the parameters of 
20 the hybridization domain (3) to achieve the desired specificity and sensitivity of binding of the 
hybridization domain (3) to the target sequence (6). In one embodiment, the hybridization domain 
(3) is 10 to 50 bp in length. In an alternate embodiment, the hybridization domain (3) is 20-40 bp 
in length. In yet another alternate embodiment the hybridization domain (3) is 15 to 25 bp in 
length. 

25 Each reporter oligonucleotide (2), which specifically hybridizes to a known target 

sequence (6) via the hybridization domain (3), will be associated with a known means for first 
signal generation (4) (such as a color coded bead). Therefore, by determining the identity of the 
means for first signal generation (4), the identity of the target sequence (6) can be determined, 
and therefore the identity of the disease agent or secondary disease agent can be determined. 

30 Amplified nucleic acid (1) containing a target sequence (6) may be denatured before or 

during the multiplex detection step, if desired. Denaturation is not required. The TemPCR 
amplification reaction using asymmetric amplification conditions (such as RSP being present m 
greater concentrations that FSP, such as a 40:10 ratio) produces sufficient single stranded 
amplification products for the detection reaction that denaturation is not a required step. 

35 Denaturation, in this and other steps referred to in this disclosure, may occur by heating to a 
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snfficient temperatorc or by chemica. M (such as, bu, no, limited to. the addition of agents 
such as 5NNaOH). For toe following embodiment, denatoration of toe amplified nuotac 
curtaining a ^ sequence (6) was no. used. However, ft. principles embodted rn toe 
following steps will not differ if thedenaturation step is added. 

The reporter oUgonneleondes (2) are added to the denatured amplified nudete acd (1) . 
appropriate hybridization buffer (snch as IX TMAC or IX TB). The addition of the reporter 
^nucleotides (2) may occnr before or after denatoration (if employed^ The reporter 
obgonncleotidea (2) bind the targe, sequences (6) on toe amplified nucleic acd (1) tough toe 
hy bridization domain (3) forming a nucleic acid-reporter ohgonncteotide eomplex (I). 
Hybridization conditions as are known in toe art, such as by incubation a. 52°C for H M 
ma y be used. After hybridization is complex eomplex I is isolated, such as by centntogahon, 
and toe unbound reporter oligonucleotides (2') and unbonnd amplified nucleic ac.d (1 ) are 
removed. Complexlmay toenbe subject* detection usmg an appropriate detection platform L> 
„„e embodiment toe means for firs, signal generation (4) is an internally color coded specially 
addressabte bead (Lnminex) and toe Luminex platform is nsed for detection. The Dmnnex 
platform stimulates toe menus fo, firs, signal generation (4) «o produce a detectable firs. stgnak 
Tbe firs, signal is reeorded and Interpreted. The mean, for firs, signa! generabo, > (4) and toe 
prcdnced firs, signa. are nsed to determine toe identity of the torge. seance V>**** 
reporter oligonucleotide (2). Once toe targe, sequence (6) has been identified, the rdentoy of toe 
disease agent or secondary disease agent detected is known. 

However, toe amplified nucleic acid (1) may contain a means for detection (8) provded 
by a. leaa. one of toe FSP or RSP. This means for detection (8) may be as described above and 
Ly be directly or indtaecny conjugated to toe amplified nucleic acid (1). In FIG 2, a toobn 
molecnle provided by one of toe torge. amplification primers is illustrated as toe means for 
detection (8). The means for detection (8) may be used to incorporate a means for second srgnal 
generation (1 0) which is capabte of generating a detectabte second signal. In one embodmtent, 

,abel, such as a fluorescent label, a chemical label, an enzymatic label or a radrolabe!. Surtable 
ftoorescen.labels.mclndebu.areno.ltaitedto.PEorCy-S. !n one embodiment, toe means or 

, second signal generation (10) is a streptavidin-PE complex. In an aHernate embodrmen, toe 
nreans for second signal generation (1 0) may be directly conjugated to toe amplified nnclete sad 
product as a component of the detecting means. The means for second signa. generabon (10) ,s 
added to toe nucleic acid-reporter oligopeptide complex and incubated to allow for bindmg to 
form complex (ft). In one embodiment, the inenbation ia for 5 minntes a, 52°C, altoongh other 

5 times and temperatures may be nsed as is known in toe art. 
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The complex (II) may then be analyzed using an appropriate platform. In one 
embodiment, the means for first signal generation (4) is an internally color coded spectrally 
addressable bead (Luminex) and the means for second signal generation (10) is a fluorescent PE 
label. In this embodiment, the Luminex platform is used for detection. The Luminex platform 
stimulates the means for first (4) second (10) signal generation to produce a detectable first and 
second signal, respectively. The first and second signal generating means are selected such that 
the first and second signals can each be detected in presence of the other. The first and second 
signal are recorded and interpreted. The means for first signal generation and the produced first 
signal are used to determine the identity of the target sequence (6) bound by the reporter 
oligonucleotide (2). The means for second signal generation (10) and the second signal are used 
to confirm the presence of the target sequence (6) in combination with the reporter 
oligonucleotide (2) (to prevent signal generation from any free reporter oligonucleotide (2)). 
Once the target sequence (6a) has been identified, the identity of the disease agent or secondary 
disease agent detected is known. However, it should be noted that complex I may be subject to 

1 5 detection as described above 

Additional technology platforms may be used in the direct detection step as well. In an 
alternate embodiment, the first signal generating means on the reporter oligonucleotide may 
produce a detectable physical first signal when placed in an appropriate apparatus for detection 
and analysis. The physical signal may be a color change, an emission of a given wavelength of 
20 light upon excitation or a change in the electrical properties, such as conductivity, or a change m 
the electromagnetic or chemical properties. Other physical signals may also be used. In one 
embodiment, the means for first signal generation may be spatial in nature, such as location on a 
solid support. For example, reporter oligonucleotide may be spatially resolved at a known 
location on the collecting means such as a chip or other solid support. Therefore, the first signal 
25 is spatial in nature. When the amplified products containing the target sequence hybridize to a 
reporter oligonucleotide, the binding may be determined by the presence of the second signal 
generated by the second signal generating means on the amplified nucleic acid. By detecting the 
spatial location (first signal) of the second signal, the identity of the target sequence and the 
disease agent/secondary disease agent is determined. In an alternate embodiment, me reporter 
30 oligonucleotide may be coupled to an additional first signal generating means so that two first 
signals are produced, one spatial and one non-spatial. Therefore, the second signal produced by 
the second signal generating means will signal binding of the target nucleic acid to the reporter 
oligonucleotide. In an alternate embodiment, the biding of the target sequence to the reporter 
oligonucleotide may produce a detectable change in the characteristics of me reporter 
35 oligonucleotide (including but not limited to changes in electrical properties such as 
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conductivity). This change in characteristics would then serve as the second signal. 

In one embodiment of the indirect detection protocol, a novel method termed ROCASH 
(Reporter Oligo Capturing After Specific Hybridization) is used. The ROCASH method is 
described in co-pending U.S. application serial number 10/284,656, which is hereby incorporated 
by reference as if fully set forth herein. For sake of clarity, one embodiment of the ROCASH 
method using the Luminex X-Map technology is described. Other methods of indirect detects 
ma y also be used as is known in the art It is understood that variations of the ROCASH method 
may be incorporated as described in the co-pending U.S. application serial number 10/284,656, 
Unlike the prior art methods, in the ROCASH method the specificity of hybridization between a 
reporter oligonucleotide and the target sequence and the sensitivity of the detection of the target 
sequence are provided by different nucleic acid sequences of the reporter oligonucleotide 
hybridizing in different steps of the ROCASH method. Therefore, the conditions for these 
critical steps may be optimized independently of each other to provide for increased specificity 

and sensitivity in the detection step. 

The Luminex xMAP technology and related technologies are described in the art and m 
US Patent Nos. 6,524,473, 6,514,295, 6,449,562, 6,411,904, 6,366,354, 6,268,222, 6,139,800, 
6 057 107 6,046,807 and 5,736,330. The xMAP technology uses a plurality of internally color- 
coded microspheres covalently bound to target specific capturing reagents (termed cRTs, as 
defined below). Such capturing reagents may be oligonucleotides (as in the case of cRTs 
described below), but may also be polypeptides or chemical moieties designed to interact 
specifically with the region tags. When alternate capturing reagents are used, the region tags on 
the reporter oligonucleotides may altered to provide a complementary binding partner. The 
internal color coding generates a unique signal for each set of beads on excitation by the Lummex 
platform. 

The ROCASH method may be considered to comprise two primary components: (i) a 
reporter oligonucleotide; and (ii) a means for collection. The reporter oligonucleotides are 
designed to bind specifically to the target sequence provided by the multiplex amplificauon step 
discussed above. The reporter oligonucleotides comprise a hybridization domain of vanable 
length designed to hybridize to the target sequence (see discussion above regarding the effect of 
the length of the hybridization domain on specificity and sensitivity), a nucleic acid sequence 
termed the region tag for hybridization to the means for collection, and a means for first sxgnal 
generation. In one embodiment, the region tags on the reporter oligonucleotides are unique for 
each hybridization domain. In other words, a reporter oligonucleotide having a hybndization 
domain that binds to target sequence "A" and a reporter oligonucleotide having a hybridization 
domain that binds to target sequence ««B» will have different region tags. The means for 
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collection comprises and a plurality of capturing reagents, in this embodiment termed cRTs 
(complementary region tags) and a means for second signal generation. cRTs are nucleic acid 
sequences that are complementary to the region tags contained in the reporter oligonucleotides. 
The means for first and second signal generation may vary depending on the nature of the 
5 technology employed in the detection platform. When using the Luminex X-Map technology, the 
means for first signal generation may be a fluorescent tag, such as PE or Cy-3, and the means for 
second signal generation may be an internally color coded, spectrally addressable microsphere. 
Through interaction of the region tags of the reporter oligonucleotide and the cRTs of the means 
for collection, each reporter oligonucleotide (which is specific for a known target sequence by 
10 virtue of the hybridization domain) will be associated with a known means for second signal 
generation (such as a color coded Luminex bead). Therefore, by determining the identity of the 
means for second signal generation, the identity of the target sequence can be determined, which 
will allow the identification of the disease agent or secondary disease agent. Therefore, the 
specificity is achieved by the hybridization between the hybridization domain of the reporter 
15 oligonucleotide and the target sequence (note that specificity may be altered by decreasing or 
increasing the length of the hybridization domain) and the sensitivity is determined by the 
hybridization between the region tag of the reporter oligonucleotide and the cRT of the means for 
collection. A means for purification may also be used that is designed to interact with the 
amplified nucleic acid sequences and aids in the removal of the unused amplified target nucleic 

20 acids as discussed below. 

One embodiment of the ROCASH procedure is illustrated in FIG 3. Amplified nucleic 
acid (la) containing a target sequence (6a) from a multiplex amplification reaction is provided for 
detection (the amplification process may be the Tem-PCR process described herein). The 
amplified nucleic acid (la) containing the target sequence (6a) may be denatured if desired. The 
25 denaturation step is optional however. FIG 3 shows the amplified nucleic acid (la) after a 
denaturation step. As discussed above, the reverse strand of the amplified nucleic acid will 
contain a means for detection (8a) provided by at least one of the FSP or RSP. Tnis means for 
detection (8a) may be a biotin molecule attached to the FSP and/or the RSP or other such means 
as is known in the art as discussed above. The means for purification (9a) is selected to interact 
30 with the means for detection (8a). In one embodiment, the means for purification (9a) is a 
magnetic bead (such as the Dynal270 magnetic bead) conjugated to streptavidin and the means 
for detection (8a) is a biotin label. The means for purification (9a) is added to the amplified 
nucleic acid (la) where it binds the means for detection (8a) to form a nucleic acid-means for 
purification complex (complex I). Complex I is washed to remove the unbound nucleic acid and 
the remaining components and isolated using separation techniques known in the art and 
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compare with to means ■. P— n. * *• - — to — * ff" ^ 
luetic bead, magnetic separation ma, be use* Hybridization « such - IX 

TMACorlXTE.iaaddedKtoaomplexI.optepareforhybntohon. 

The reporter ofigonudeotides (2a) a* then added «o the complex I Tee mporb* 
, oHzonuCeoudes may be added at prior steps, however, if dashed, either before or after <he 
5 ST of - amphfted neCeic acid. The reporter — ~ 
seq uences duough me hybridization domain (3a) forming a means for purrficnhon-nucletc acrd 
ZZ otigonultide compiex (eomp-ex n). The reporter ohgonuCeorides M a,so compnse 
■ Trel <ag <12a) and a means for firs, aignal generation (4a). Hybridization may occur as is 
a regron tag (ua, After hinding, complex n may 

in knowninfliearl,suchasbymcubaBonat52Ciori3mme 

riben (such as in warm IX SSQ and isoiafcd using appropriate sepamhon «ecbn^es - 
lulaL After removal of unbound report, oligonuCeotides, comp,ex (H) - su^fo 
L- conditions » — *° reporter oligonudeotide (2a) from barge, seances (da) 

15 '"^forcoue^^ 

in solution The means for coftecuon comprises a cRT (22a) and a mean* for second srgnal 
Tendon (10a). The cRT (22.) of the means for Election (20a) m«erae B with Ore re»on *gs 

20 com lex (complex HI). The cRTs (22a) and region - (12a) are se^ed 

cR T lgi»n tag complement pair has a similar T. for binding «o one anotirer. Therefore, the 
SL- conditions for each region tag (12a) h> it complement cRT (22a are — 
» Cows for increased sensitivity of deletion, partly in a muftiplex d = ^ 
sta ce one set of hybridan conditions are usee. Hybridization condtbons as *~ 
25 may be used aa well as otter hybridization conditions as are known in the art. Complex 0Q 
then isolated and analyzed using an appropriate detection platform tmWxim > 
to one embodiment, the means for firs, sfcta. generation (4a) ,s a fluoresce* PE abel »d 
to means for second signa, generation (,0a, is an « coior coded 
Wd-nex). fcthrsembodhnen^eLuminexp.atformiauaedfi.rde.ction. TheL« 
30 platfonn stimuU-es tire means for firs, (4a) second (10a) signal generation «o produce a de^b.0 
L, and second signa!, respective* The firs, and second signa, are recorded and mfc^d 
^ firs, and second signal generating meana are se,ec«ed such « tire firs, and secon^ 
ca n each be dceCed in presence of tire otirer. The meana for second srgnal genemhm . tmd * 
produced second si^ra, are used m determine tire identiry of tire *rge« secuence (tia, bound by 
L reporter oligonnCeotide (2a, The meana for firs, signa, generation (10a) and tire second 
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sigul am used «o tadhecfiy confirm me presence of*. W — (6a, («o £~ 
J!*, from any free means to couection .0.). Once the targe, sequence (6.) has been 
identified, the identity of the disease agent or secondary disease agent detected 

Mferenti.1 IH.gn.sis »« Severe Acute Kesp.ra.er, Syndrome (SAKS) «»g an 

pI0vi de a differential diagnostic assay for SAKS (in firese examples SAK^CoV). „ fina 
txample, SAKS is tire disease agent and the secondary disease agent includes - « ~ - * 

^ i „v. lc n?W^ A and B, parainfluenza virus (PIV) 1 ana s, 
i following: respiratory syncytial virus (RSV) A ana d, p«u 

" (J) A and B, adenovirus stialna (ADV), C. pa— and M PJ— 
T^rovirn (END. and enterovirus types such aa cox— virus A (CVA), cox— vnu s B 
^rTh^^^eehovirus^. As discussed — 7 — 
as exemplary in nature and are no, mean. .0 hmi. me present draelosure m me drsclosed 
5 dlfflLlgnosis as Cher terge, sequences from Cher diseaae agents and secondary dtsease 
agents may be amplified and detected. 

Tables 2 and 3 Uste the sequence of me terge, enrichment pnmers (destgnated F 0 F „ Ko, 
and Ri for F«n, F„, fc. and Rio. respectively, as such terms are defined herein, used rt ttoe 
TemPCK me,hod te amplify tezge, sequences fiom me disease .gen, and second*, d^ae 
20 agente, as well as me nucleic acid sequence o, me .porter otigonucteoti* C— ^ 
xLea 2 and 3 the Fi and Ri primers contained me super prune, bmdmg teg. Table also 
provides me OenBanx accession numbers for tire nucleic acid sequence of me disuse agen and 
eoondary disease agente as wefi as me region of nucleic acid bound by *e P~ * 
reporter oHgonueleotide. The sequence of me targe, amplification pnmers (FSP and RSP) are 
25 ot ovidedatthebottomofTables2and3. 

tnmeseexampies, three terge, sequences from me SARS vira, genome wemamplnW 
and detected. The SARS virus is known to have a high mutetiorr rate. If mutetions occur a, the 
primer binding sites or a, me deteetion hybridization site, a false negative maul, may be 
Iduced. Dieting fiuee tergete fiom tire SARS pamogen increases detection «and 
,„ mduceatelsenegativeresmts. For me secondary diseaae agente, one region of mm erc acnlfrom 
eachofmerespectivenuCeicacidawasampUfiedandd^ted. 

Hated in Tabte 2, in some cases, may be used «o detec, multip.e shams o, a patirogen. For 
example me terge, enrichment primers used te ampliry influenza A produce amphfied nuc, ,c 
Tltemmg a terge, sequence sufficient for me detection and differentiation uamg^e 
appropriate detection oHgonucleoudes, o, a variety of steams, including, bu, no, hmned no, 
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H1N1 HVN2, H2N2, H3N2, H4N6, H5N1 and H9N2. The target enrichment primers used «o 
amplUy influenza B produce amplified nucleic acid eontaining a target sequenee suffieient for the 
detection and differentiation (using the appropriate detection oligonucleotides) of a vanety of 
strains, including b», no, limited to, Lee40, Memphis 97, Saya 99 and Taiwan 99. The pnmexs 
5 used to amplify me adenovirus produce amplified nucleic acid containing a target s*,uencu 
' sufficient for fire detection and differentiation (using the appropriate detection nucleotides) 
of adenovirus strains 3, 4, 7, 14, and 21. In each of .he above cases, detection oligonucleotides 
specific for each strain can be used in the detection step to identify a particular shunt. The RSP rs 
Ubeled wifh a means for detention, such as bionn (other labeling molecules may be used as 

10 discussed above). ^ 
The targe, enrichment primers listed in Table 3 also, in some cases, may be used to detect 
multiple steams of a pathogen. Table 4 shows flue genes amplified from to various pathogens by 
fce farge, enrichment primers shown fn Table 3. A nonstructural gene (NS) was selected as tie 
.notification from the Influenza A viruses. Conserved regions were selected for to destgn of tine 
15 4 targe, enrichment primers and produce amplified nucleic acid contenting a targe, sequence 
sufficient for to detection and differentiation (using tit. appropriate detection o^'eotides) 
o, a variety of shams including, but no, limited to, H1N1, H1N2, H2N2, H3N2, H3N8, H4N , 
H4N8, H3N1, H5N2, H5N3, H6N1, H6N2, H6N4, H7N1, H7N2, H7N3, H7N7, H7K8, H9N2 
H10N5 H11N1, H11N8, and H11N9 (which includes the cunenfly chculating avian mfluenza A 
20 strata, H5N1). A nonstructural gene was also selected as to terge, for amplification and detection 
of influenza B virus. There are a, leas, 51 Known serotypes of adenovirus Conserved regmns 
in me hexon gene were selected for the design of tire series of terge, enrichment primer, and 
produce amplified nucleic acid containing a targe, sequence sufficient for to detection and 
differentiation (using to appropriate detection oligonucleotides) of a variety of strains mctadmg, 
25 bu, no, limited to. Serotypes 3, 4, 7, 14 and 21 (which includes those serotypes commonly 
associated with resphafory infections). The detection otigonucfeotide ADV3-3De detects steams 
3 7 and 21 ADV4-3De detecte stiain 4 and Advl4-3De detente steain 14. Conserved sequences 
ftom to 5 UTR region of various enteroviruses species and family members were selected for 
amplification. Enteroviruses and rhinoviruses are members of to Picomaviridae family. 
30 Enteroviruses also include different geuera such as coxsacBe viruses and echovimses. These 
viruses are all associated with resphnfoty infections. For to detection of various members of to 
enterovirus class, a series of terge, enrichmen, primers were designed to, produces amphfied 
nucleic acid containing a targe, sequence sufficient for to detection and differentiation (usmg to 
appropriate detection oligonucleotides) of a variety of strains of rhinovirua including, bu, no 
35 limited te, TS, la, lb, 2, 9, 14, 15, 16, 39, 49, 50, 85, and 89; coxachie virus A, including, butuo, 
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limited to, A21 and A24; coxaclae virus B including, but not limited to, B4 and B5; and 
echovirus including, but not limited to, 11, 20, and 25. The detection oligonucleotide Khv2 is 
specific for the detection of the rhinovirus, while the detection oligonucleotide CVE2 detects 
coxackie virus A and B and echovirus. 
5 Conserved sequences from the nucleocapsid protein gene (N gene) were selected 

amplification from the Parainfluenza type 1 and 3 viruses. Nonstructural gene sequences were 
selected as targets for Respiratory syncytial viruses A and B. To reduce background amplification 
and false positive detections, rRNA genes were not selected for amplification from the bacteria 
species tisted. Instead, the cytadhesin PI gene from Mycoplasma pneumoniae, and the Uridine 
10 Kinase gene from Chlamydia pneumoniae were selected for amplification. The RSP is labeled 
with a means for detection, such as biotin (other labeling molecules may be used as discussed 
above). 

The primer sequences used in the present detection method may be varied as discussed in 
more detail above. In addition, other agents may be included for detection in the method 
1 5 disclosed by designing primers specific for the agents. Such modification may be desirable if new 
agents are discovered that cause a SARS-like disease state or if additional SARS variants are 
isolated. 
Example 1 

In this example, nucleic acid sequences from each disease agent and the secondary disease 
20 agents were obtained and isolated as described herein. The nucleic acid from each agent was 
amplified by the Tem-PCR method described herein. The nucleic acid for each agent was placed 
in a separate reaction tube and the complete mix of primers specified in Table 2 was added along 
with reagents for RT-PCR. A separate reaction was carried out for each of the three primer ratios 
specified in Table 5 for each agent While any procedure known in the art for RT-PCR may be 
25 used, the following procedure was used in the example. A master RT-PCR mix was prepared 
containing 5X RT-PCR buffer, deoxy nucleoside triphosphate (dNTP) mix (containing 400 uM of 
each dNTP), the complete mix of primers shown in Table 2 at the ratios specified in Table 5, and 
RT-PCR enzyme preparation. An RNAse inhibitor may also be added at a concentration of 5-10 
units/reaction if desired. The nucleic acid sequences or portions thereof containing the target 

30 sequences from each disease agent and secondary disease agent sufficient for amplification were 
added to individual reaction tubes containing the RT-PCR master mix. A RT-PCR blank was 
prepared by adding RNAse free water to one reaction tube in place of nucleic acid template. The 
reaction tubes were placed in a thermocycler programmed as follows: (i) reverse transcription- 30 
minutes at 50°C; (ii) initial PCR activation- 15 minutes at 95°C; (iii) first amplification reaction 

35 comprising a first 3-step cycling (target enrichment)- 1 minute at 94°C, 2.5 minutes at 55°C and 1 
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minute at 72°C for 10 complete cycles; (iv) second 3-step cycling (target amplification)- 30 
seconds at 94°C, 15 seconds at 55°C and 15 second at 72°C for 40 complete cycles; and (v) final 
extension- 3 minutes at 72°C. 

An aliquot of the amplified products were subject to detection using the direct detection 
5 method as described above and illustrated in FIG 2. In this example, detection oligonucleotides 
(as listed in Table 2) specific for a target sequence amplified in each agent to be detected were 
coupled to Luminex microspheres. An aliquot of the amplified products were added, in separate 
tubes, to a reaction mixture containing IX TE, hybridization buffer and an amount of each 
detection oligonucleotide sufficient to generate a detectable signal. In this example, detection 
10 oligonucleotide for each agent in Table 2 was present in each reaction containing the amplified 
nucleic acid products. For the detection oligonucleotide negative control, IX TE was added in 
place of the amplified products. The samples were immediately placed at 52°C for 15 minutes 
for hybridization between the detection oligonucleotide and the target sequence. The samples 
were centrifuged to remove unbound detection oligonucleotide and nucleic acid to which the 
15 detection oligonucleotides had not bound. The samples were then subject to detection using the 
Luminex platform. The Luminex platform stimulated the microsphere conjugated to the 
detection oligonucleotide (the first signal generating means) to produce a detectable signal. In this 
example, a second means for detection was not included, however, a second signal may be 
incorporated as discussed above. 
20 The results are presented in Table 3. The rows represent the identity of the disease agent 

or secondary disease agent whose nucleic acid was used in the initial amplification reaction and 
the ratio of the primers used in the amplification step. The columns represent the detection 
oligonucleotides used in the detection step. For example, row 5 (designated RSVB 4:1:1:1:8:16) 
indicates the nucleic acid of respiratory syncytial virus type B was used in the amplification 
25 reaction and the nested primers and super primers were used in a ratio of 4:1:1:1:8:16. Row 2 
(designated RSVB) indicated the detection oligonucleotide specific for the respiratory syncytial 
virus type B target sequence was used in the detection step. Column 1 (designated Lum Blank) 
represents a detection oligonucleotide negative control where the amplified products omitted. 
Rows 3-5 (designated Blank 4:1:8:16, Blank 4:1:8:24 and Blank 4:1:8:32, respectively) represent 
30 amplification negative controls where the specific nucleic acid sequence was omitted but the 
primers for amplification of each specific target sequence were included at the indicated ratios. 

As can be seen in Table 4, the detection oligonucleotides specific for a given disease agent 
or secondary disease agent specifically bound to the nucleic acid from that disease agent or 
secondary disease agent in the presence of multiple amplified target sequences. This result 
35 indicates that the target enrichment primers amplified the correct target nucleic acid sequence in 
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the presence of multiple primer sets not specific for the target sequence and that the target 
amplification primers (FSP and RSP) function correctly to amplify the target sequence as 
described and the appropriate detection oligonucleotides are capable of hybridizing to the target 
sequence being detected. The detection oligonucleotide negative control and amplification 
5 negative controls provided background readings and showed no excessive background signal in 
all samples tested. 

As one example, the detection oligonucleotide specific for RSVB bound specifically to 
the target sequences derived only from RSVB and no other agents. In addition, the level of 
detection increased as the concentration of RSP was increased, indicating that asymmetric 
10 amplification can increase sensitivity of the detection step. Furthermore, in the case of 
adenovirus, Table 4 indicates that the target enrichment primers and target amplification primers 
amplified the correct adenovirus target sequence and that the specific detection oligonucleotides 
were capable of discriminating between the adenoviral strains. 
Example 2 

15 In this example, nucleic acid sequences from each disease agent and the secondary disease 

agents were obtained and isolated as described herein. The nucleic acid from each agent was 
amplified by the Tem-PCR method described herein. The nucleic acid for each agent was placed 
in a separate reaction tube and the complete mix of primers specified in Table 3 was added along 
with reagents for RT-PCR. The RT-PCR conditions were as described in Example 1 above. The 
20 primer rations used in this example were 1:1:1:1: 10:40 (F ou t:Fin:Rm:Rout:FSP:RSP). 

The detection of the amplified products containing the target sequence was carried out as 
described for the direct detection methodology using Luminex beads as described in Example 1. 
Detection oligonucleotides for each agent listed in Table 3 were added to each detection reaction. 
Table 6 shows the results of this experiment using the target enrichment and target 
25 amplification primers disclosed in Table 3. The rows represent the identity of the disease agent or 
secondary disease agent whose nucleic acid was used in the initial amplification reaction and the 
ratio of Hie primers used in the amplification step. The columns represent the detection 
oligonucleotides used in the detection step. In this example, sample number 1 is a RT-PCR Blank 
comprising a mixture of target enrichment and target amplification primers and detection 
30 oligonucleotides conjugated to Luminex beads was hybridized to the RT-PCR reaction that did 
not include template. The background signals are used to determine the cut-off values for a 
positive reaction. In a multiplexed system, such as the MAS utilizing TemPCR, each bead set is, 
in fact, a micro-system of its own. The final signal, as well as the background, is influenced by 
many factors including: the efficiency of the coupling reaction that links the capture 
35 oligonucleotides onto the bead sets; the efficiency of target amplification in the multiplexed 
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TemPCR reaction; and the efficiency of hybridization during detection. As a result, the cutoff 
value for each pathogen (represented by each bead set) must be decided individually. The 
background signals (determined by averaging the values obtained from the RT-PCR blank and the 
samples that were known not to contain the target agent) were determined and the standard 
deviation obtained. The standard deviation was multiplied by five (5) and this value added to the 
average background. Values higher than the average background are considered positive results, 
indicating the presence of a particular agent 

Samples 2-4 were adenoviruses subtype 4, 7, and 21, respectively. Samples 5-11 were 
Chlamydia pneumoniae (CPN), Mycoplasma pneumoniae (MPN), Influenza A (INFA), Influenza 
B (INFB), Parainfluenza type 1 (PIV-1), Parainfluenza type 3 (HV-3), and Respiratory syncytial 
virus (RSV), respectively. Sample 12 was SARS-CoV. To increase detection sensitivity and 
minimize false negative detection caused by target mutations, we selected three different target 
sequences from the SARS-CoV genome for amplification and detection. Samples 13-16 were 
different enteroviruses, including Coxsackie virus A (CVA), Coxsackie virus B (CVB), 
Rhinovirus (RhV), and Echovirus (EV). For detection of adenovirus and enterovirus species, each 
of the specific detection nucleotides for adenovirus and enterovirus species were added in the 
detection step. 

As can be seen in Table 6, the TemPCR method of the present disclosure provided specific 
amplification of the target sequences, which were specifically detected by the corresponding 
detection oligonucleotides. The high detection specificity was evident by the high signal to 
background ratios obtained from each bead set. This result indicates the target enrichment 
primers amplified the correct target nucleic acid sequence in the presence of multiple primer sets 
not specific for the target sequence and that the target amplification primers (FSP and RSP) 
function correctly to amplify the target sequence as described and the appropriate detection 
oligonucleotides are capable of hybridizing to the target sequence beingdetected. 
Example 3 

In Examples 1 and 2 above, only 1 nucleic acid sample was added to each reaction (albeit 
in the presence of target enrichment primers specific for multiple agents). Table 7 shows the 
specificity of the TemPCR amplification method when nucleic acid samples from multiple 
pathogens were included in a single sample for multiplex amplification and subsequent detection. 
In this example, target enrichment primers for each organisms listed in Table 3 were included in 
each sample, along with the target amplification primers and nucleic acid from the indicated 
pathogens. The rows in Table 7 indicate the detection oligonucleotide detected during the 
multiplex detection step (note that detection oligonucleotides specific for the target sequences for 
all the organisms listed in Table 3 were included in each detection reaction) while the rows in 
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Table 6 indicated the identity of the pathogen nucleic acid added to each sample. TemPCR 
amplification conditions and multiplex detection were carried out as described in Example 2 
above. 

Sample 1 is a negative control where no template nucleic acid was included in the RT- 
PCR reaction. Sample 2 included three pathogens, SARS, CPN, and INFA; Sample 3 included 
ADV-7, RSVB, and ESTFB; Sample 4 included PIV-3, CPN, and INFA; Sample 5 included ADV- 
21, RSVB, and INFB; Sample 6 included RhV and PIV1; Sample 7 included SARS and INFB; 
and Sample 8 included ADV-7 and MV1 . The cutoff values shown in Table 6 were used in this 
Example and values higher than the cutoff were highlighted in Table 7. 

The results show that TemPCR correctly amplified the correct target sequence from each 
agent and that the amplified target sequences could be detected to provide an accurate and 
specific readout of the agents present in the sample. As one example, in row 2 nucleic acid from 
SARS, CPN and INFA was added to the amplification reaction. In the presence of the target 
enrichment primers specific for all the agents in Table 3, the TemPCR method using the primers 
15 disclosed correctly amplified the correct target sequences. No modification or optimization of the 
TemPCR amplification conditions was required to obtain correct multiplex amplification of the 
three agents. Importantly, the same set of TemPCR multiplex amplification conditions allowed 
the specific detection of a variety or of agents using a standardized amplification protocol. The 
TemPCR method described is highly specific and can detect specific pathogens in various 
20 combinations. No false positives or false negatives were observed. 
Example 4 

To validate the sensitivity of the TemPCR method, 1 ml serum samples were prepared 
with different amounts of viral or bacterial agents as listed in Table 8. For each agent, four 
concentrations were prepared: 10 4 pfu/ml, 10 3 pfu/ml, 10 2 pfu/ml, and 10 1 pfu/ml. To observe the 
25 assay repeatability, at each of the four concentrations, triplicate samples were prepared and 
analyzed. Certain samples, such as ADV4 and RhV, did not have high titer stocks available and 
the starting concentration was 10 3 pfu/ml. For SARS, the viral stock was limited, and therefore, 
only two samples were studied for each concentration (rather than three). A positive control 
sample at high concentration (not spiked into serum) was also included for each pathogen. 
30 For each 1ml of the spiked sample serum, 200ul was used for nucleic acids isolation. 

Nucleic acid isolation was performed using the triazol method as described herein. At the end of 
the isolation procedure, the nucleic was eluted into 50ul RNAse free water. A volume of 5ul from 
this elution was used as template in a subsequent TemPCR reaction. Therefore, if the starting 
concentration was 10 4 pfu/ml, the TemPCR amplification reaction included only about 200 copies 
of pathogen genomes. Similarly, at 10 3 pfu/ml level, only 20 copies were included in the reaction 
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system and so on. Conditions for the TemPCR amplification reaction were as described above in 
Example 2 and multiplex detection carried out as described in Example 2 using the direct 
detection method. 

Table 8 shows the results of the sensitivity study. A cutoff value was determined for each 
5 target specifically and the cutoff values were set to be the mean plus 5 times of the standard 

deviation. Values above the cutoff were considered positive and were highlighted in the Table 8. 

In general, the assay could detect between 20-200 copies of pathogens present in a serum sample. 

It should be noted that TemPCR conditions used in this Example did not incorporate the selective 

amplification step discussed herein. The use of the selective amplification step is expected to 
10 increase the sensitivity of the reaction significantly. 

Example 5 

Example 5 illustrates the results of an experiment utilizing an alternate embodiment of the 
TemPCR method. In this example, nucleic acid sequences from each disease agent and the 
secondary disease agents were obtained and isolated as described herein. The nucleic acid from 

15 each agent was amplified by the Tem-PCR method. In this embodiment, the amplification 
reaction conditions for TemPCR were altered to include a target enrichment step and a selective 
amplification step. The nucleic acid for each agent was placed in a separate reaction tube and the 
complete mix of primers specified in Table 3 was added along with reagents for RT-PCR. The 
primer rations used in this example were 1:1:1:1 : 10:40 (F ou t:Fm:Rin*Rout:FSP:RSP). 

20 The amplification conditions are given below. The . reaction tubes were placed in a 

thermocycler programmed as follows: (i) reverse transcription- 30 minutes at 50°C; (ii) initial 
PCR activation- 15 minutes at 95°C; (iii) first amplification reaction comprising a first 3-step 
cycling (target enrichment)- 0.5 minutes at 94°C, 1 minute at 52°C and 1 minute at 72°C for 15 
complete cycles, and a second 2-step cycling (selective amplification)- 15 seconds at 94°C, 1.5 

25 minutes at 70°C; for 6 complete cycles, preferably 4-8 complete cycles; (iv) second amplification 
reaction comprising a third 3-step cycling (target amplification)- 15 to 30 seconds at 94°C, 15 to 
30 seconds at 50-55°C and 15 to 30 second at 72°C; for at least 2 complete cycles, preferably for 
10-40 complete cycles; and (v) final extension- 3 minutes at 72°C. The detection of the amplified 
products containing the target sequence was carried out as described for the direct detection 

30 methodology using Luminex beads as described in Example 1 and illustrated in FIG 2. Detection 
oligonucleotides for each agent listed in Table 3 were added to each detection reaction. 

Table 9 shows the results of this experiment using the target enrichment and target 
amplification primers disclosed in Table 3. The rows represent the identity of the disease agent or 
secondary disease agent whose nucleic acid was used in the initial amplification reaction. As can 

35 be seen in Table 9, the TemPCR method utilizing the alternate amplification strategy provided 
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specific amplification of the target sequences, which were specifically detected by the 
corresponding detection oligonucleotides. The high detection specificity was evident by the high 
signal to background ratios obtained from each bead set This result indicates the target 
enrichment primers amplified the correct target nucleic acid sequence in the presence of multiple 

5 primer sets not specific for the target sequence and that the target amplification primers (FSP and 
RSP) function correctly to amplify the target sequence as described and the appropriate detection 
oligonucleotides are capable of hybridizing to the target sequence being detected. 

A subject of the present disclosure is also a kit comprising the components necessary for 
carrying out the method disclosed in all the embodiments illustrated. The kit may comprise one or 

10 more of the following: at least one set of primers to for the amplification of target sequences 
from a disease agent and secondary disease agent in sample from an individual suspecting of 
harboring the disease agent, reagents for the isolation of nucleic acid (RNA, DNA or both), 
reagents for the amplification of target nucleic acid from said sample (by PCR, RT-PCR or other 
techniques known in the art), microspheres, either with or without conjugated capturing reagents 

15 (in one embodiment, the cRTs), target sequence specific detection oligonucleotides, reagents 
required for positive/negative controls and the generation of first and second signals. 

All references cited herein (including articles, patents and url addresses) are incorporated 
by reference to the extent allowed. The references discussed herein are provided solely for their 
disclosure prior to the filing date of the present application. Nothing herein is to be construed as 

20 an admission that the inventors are not entitled to antedate such disclosure by virtue of prior 
disclosure. The following claim is appended for the purpose of foreign priority only. 
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DNA 


RNA (+) 


RNA (-) 


F 0 ut 


1 


1 


4 


Rout 


1 


4 


1 


Fta 


1 


1 


1 


Km 


1 


1 


1 


FSP 


8 


8 


8 


RSP 


32 


32 


32 



Table 1- Exemplary ratios of nested primers and super primers for disease agents and secondary 
disease agents with the indicated genomes. The ratios of nested primers and super primers may 
be varied as discussed in the instant specification. 



laoie 
No. 


o. uescnpuon o 
Pathogen 


ine inuiuueu m< 
Name in 

PrnHnrt 


Tageted gene 


Detectable types/strains 


1 


SARS-CoV 


SARS1 


5'end polyprotein 




SARS2 


Polymerase gene 


SARS3 


N gene 


2 


Influenza A 


INFA 


NS gene 


HTTTT H1N2, H3N2, H3Ntf, 
H4N6, H4N8, H5N1, H5N2, H5N3, 
H6N1, H6N2, H6N4, H7N1, H7N2, 
H7N3, H7N7, H7N8, H9N2, H10N5. 

LHiKH UHMft M11MQ 


3 


Influenza B 


INFB 


NS gene 




4 




ADV 


Hexon gene 


Type 3,4, 7, 14, and 21. i 


5 




PIV1 


N gene 




6 




PIV3 


N gene 




7 


Respiratory 
syncytial virus 


RSV 


NS gene 


RSVA and RSVB 


8 


M. pneumoniae 


MPN 


cytadhesin P1 gene 




9 




| CPN 


Uridine Kinase gene 




10 


Enteroviruses 


ENT 


5' UTR 


Rhinovirlslajb, it. 0, 14, 1t>, lb, 
39, 49, 50, 85, 89; Coxackie Viruse 
A: A21, A24; Coxsackle Viruse B: 
R4. B5: Echovirurs 1 1. 20. and_25_ 
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Table 3 Primer sequences and detection oligonucleotide sequences used in the multiplex 



SARS 


Sequence 5' to 3' 


SARSlFo 


ACCGTAGACTCATCTCTATGATG 


SARSlFi 


CAGGCCACGl 1 1 iGTCATGCGAAGCTArTCGTCACGTTCG 


SARSIRo 


TTGCATTAACTCTGGTGAATTCTG 


SARSIRi 


TTCTTTGCGTTATGTCTCTGCTC 


SARS2Fo 


A m/*i yt /^im a a a r-rt,y» yti'ri* i > a yt yt A nn A a rr^y* 

ATGCCTAACATGCTTAGGATAATG 


SARS2Fi 


CAGGCCACGl 1 1 1GTCATGCTTTCTACAGGTTAGCTAACGA 


SARS2Ro 


TACATTGGCTGTAACAGCTTGAC 


SARS2Ri 


TTCTTTGGGTTATGTCTCTGAGCATAAGCAGTTGTAGCATC 


SARS4Fo 


a a a rtr^yt y*m.y« y*yt A yt y« yt m yt a yt 

ACAATGCTGCCACCGTGCTAC 


SARS4Fi 


a y*i y« a y« v ■ *"*'tf~i i/^m/i A «rtyt ytytytrnyt a a ytyt a a f \ a a y^ a r T v 'l" 1 /*^ /^l yt 

CAGGCCACGl 1 1 iGTCATGCCCTCAAGGAACAACATTGCC 


SARS4Ro 


TAGCGCGAGGGCAGTTTCAC 


SARS4Ri 


# ■ u ■ iyt» mvi tyt ytyt » i»ni my*tfT'»ytmyt*-i-*,yt yt ytyt yt^T* A /l^t/^ A TT'^^i/""' t A /*""t A y" t /"^ 

TTCTTTGCGTTATGTCTCTGCCGCTAGCCATTCGAGCAGG 


SARSlDe 


TAGAGGGCTGTCATGCAACT 


SARS2De 


GTGAGATGGTCATGTGTGGC 


SARS4De 


TCATCACGTAGTCGCGGTAA 






RSVA 




RSVAFo 


a a yt a a rnnrvm/'^ a ft* a a ytm A ytyt A yt 

AAGAATTTGATAAGTACCAC 


RSVAFi 


y«« a yiyiyiyi a yt yi nvmv n/**<rr</**i A rrtyt yt A yt*T"*yt./"tyt' iui *y^t y 1 *' iviii y^ A A i 1 ■' *y^ f~*\ 

CAGGCCACGTTTTGTCATGCACTCCCTTGGTTAGAGATGG 


RSVARi 


TTCTTTGCGTTATGTCTCTGCAATGC 


RSVARo 


m a myim a myi a r>m^ ^i/~innnn i ytytyt 

TATGTATCACTGCCTTAGCC 


RSVADe 


GCAGCAATTCATTGAGTATG 






RSVB 




RSVBFo 


AATAAGAATTTGATAAGTGC 


RSVBFi 


CAGGCCACGTTTTGTCATGCACCTTTTCAATCAGAAATGG 


RSVBRi 


TTCTTTGCGTTATGTCTCTGCAATGCTACTTCGTCATTGTC 


RSVBRo 


TGCTTTGGCTAATGCATTGG 


RSVBDe 


GGTGCAATTCACTGAGCATG 






PIV1 




PIVlFo 


AGTATCACTCCTTGCAATGG 


PIVlFi 


yt A yt yt ytyt a yt yt ' i/^ rp/t a T'/"^ yt aT/^T'/'i A ytHP A /"I AAA /^f^f~ "TV~ ,r TV' 

CAGGCCACGTTTTGTCATGCATCTCACTACAAACGGTGTC 


PIVIRi 


TTCTTTGCGTTATGTCTCTGTTTGACAATGAACCCATCTG 


PIVIRo 


GTTCTTTCATACTCCATGTC 


PIVlDe 


yt y*my^ a m/tmo A A ytm A mom^t A rrt 

GCTGATGTCAAGTATGTGAT 






PIV3 




PIV3Fo 


TCAATGGCTTATGCCAATCC 


PIV3Fi 


y^ a yt yt yt yt a yt yt rgwiviwi t/t np/t iT/tn A yi a a yt a a Arrn/t A A yt T* A A r T»/^t yt 

CAGGCCACGl 1 1 1GTCATGCACAACAAATGGAAGTAATGC 


PIV3Ri 


TTCTTTGCGTTATGTCTCTGCTCGTCTTAACCACAAATCC 


PlV3Ro 


CAGCiTCACTl CL/AAAlAi L-U 


PIV3De 


CTAAAACGGCAAAAGTATGG 






InfA 




INFAFo 


TGCAATTGGGGTCCTCATCGG 


DSTFAFi 


CAGGCCACGTTTTGTCATGCTTGAATGGAATGATAACACAG 


INFARo 


AAACGAGAAAGTTCTTATCTC 
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TKTP A T?i 


TTrTTTOPOTTATGTrTrTGGTTC^CGCCArillCCGriTC 

X X Vj XXX VJ VvVJ X 1/VL VJ X Vj X Vv X VJVJ X X Vj X VVJvvi ^-»-ww 


tvtca T\aP 


TPTA P A G A G ATTPGPTTGG 






JJ/NPXj 




XXNPxjP u 


A GTCTTATPCP A ATTTGGTC 

i\U X V/ X XxVX V/V-/\-/xVTi.l X J. VJ VJ X V^ 


X1N J? Xjx 1 


rAGG^CACGTTTTGTCATGCAGAGCACCGAriAlCACCAG 


JJ.N1. JO XVI 


TTCTj^GCGTTATGTCTCTGCATGTCAGCTAllATGGAGC 


JLlN X Xj XVU 


AAGCACTGCCTGCTGTACAC 

/VtlVJ VjxxV-' X VJ V-* V»* X VI Vj X vj ix xxv' v w _ 


rrvTFi^Tjp 


TTCCACAAAACAGTAATAGC 










A/TP"KPPo I 
ivxx init vf 


ATCACCTTTAACCCCTTTGG 

xxX Vj.*xVjVj X X liu\WW xxx vj vj 




PAGGPCACGTTj^GTCATGCCGGCTTTGGTTTGAGTGGG 

l^/\\JVJ\ < yV r ji\.VjVJ X X X X VJ X VJX XX VJ W W VJ VJ VJ X -M. X VJ * * A * * 


lVlxlNXvl 


TTrTTTGCGj^ATGTCTCTGCGCGGCACGAGTAAAACGGC 

Vj XXX VJ v VJ X inx VJ X vj x \/ x vj vjvj vj vj vj v* ^vvj* 




TGP A APTGCTCATAGTAC AC 

X VJ\yiwiV_/ x VJ Vv x \ J »r\.An.\j in-v* xvj 


IVJLrlNJUC 


TGP ACCCC AAC AGTG AAACG 

X Vj v>xxv^ vj vjvjxijTxvjaxVJ X vjx»Jjjrxvjvj 






Vjx xN 




vjxxn j ro 


G A A ATTTATAG AGCCG ACTCG 


PPM ^ Pi 
vjxxN J Sri 


P AGGPCACGTTTTGTCATGCGCTGATATC ATTGTAC ATGG 


VjX IN J JtvU 


GTTGAPPATATAATACGTCTC 

Vj X X VJx^V^V^x^XxxXxTurxXiVV-'VJ X VJ X vj 


rpvr c p: 
L/JTiN J xvl 


TTPTTTGPGTTATGTGTCTGGCTTTCCAGGGCATTCTC 

X X Vj XXX VJ vj VJ X XxvX VJ X vj X vj X VJ VJ Vj XXX vjVjxxvj vj vj vj-* * ^— ' * v-^ 


vJrlNj jUo 


A ppn A P A A A A PGTA GTA AP A 






xUN 1 V 




vy v/vz. ru 


P A AGGTGTGAAGAGCCTATTG 

VjililvJ VJ X VJ X VJ*»-tVVJ*TLVJ V>VJ XZ XX X VJ 


v_/ V JDH V JT u 


P ATGGTGPG AAG AGTCTATTG 

VjjfxX vjvj X vj VvVjrvrvvj vj x v* xxxx x vj ^ 


IVQ V /* JTU 


GTG A AG AGPPfGC iCGTGTGCTC 

VJ X VJ JTxi^VJxxVJ VjV/ v VJ Vj IVjVJ X VJ X VJ V-/ X V-/ j 


TJ\JT1 

liiN 1j n 


TTi^TTTGPGTTATGTCTCTGAGTCCTCCGGCCCCTGAATG 

X X Vj X X X VJVjVJ X AiVl V_l X V^ X V-> X VJilVJ X V^Vv X W VJVJ VJ VJ w w v-' a. via »-*■ 


juIN 1 J xvl 


PAGGPG APGTTTTGTCATGCAAACACGGACACCCAAAGTAG 

\_/jfx\_J VJ vjvjixVjVJ X X X X VJ X V/jixx VJ v*vt"*v^ » w vj *.vj* >— »»* 


Vj V JD V xvU 


A TTGTPAPPATAAGCAGCC 

XA.X X VJ X V>fxVjV/r\X/xrxvJVjxxVJ VjV-/ 


Xvll V Z JtvO 


TATATATTGTPAPPATAAGC 

XxxXxxXxxX X VJ X VjxxV/ VjxxXxTijrxvJ Vv 




GTTA CrCr ATTA GPPGP ATTC A 

VJ X XxxVJVJxxX Xxxvj Vj Vj VJ Vj^TuX X Vix 


xvfL V Z XJO 


GTTGGTPPPATPPPGPAATT 

VJ X X VJVJ X VjVvVjiTI V> VjVvVJ v/itfXi X _ 






a nv 






PAGGCCACGTTTTGTCATGCCCCATGGATGAGCCCACCC 

V>i\VJ Vj V> VjZ X V-X VJ X X X X VJ X VJA XX V-f WW V^ ' A ■ ^— *» ^» -w-p • — »- 




TTCTTTGCGTTATGTCTCTGGCTGGTGCACTCTGACCACG 


ATjV4-1Pi 


TTCTj^GCGTTATGTCTCTGGCTGGTGCACTCGGACGACG 

X X \j XXX VJ VJVJ X XX XX VJ X W X V-/ X VJ V^ V^ * V^ » -w -w 


r\±J V LH- J xvl 


i^rTTTGCGTTATGTCTCTGGCTGATGCACTCTGACCACG 


J\U v j-jro 


A GP A A PTTP ATGTPYATGGG 

AVJVjA/lVj X X V'XxX VJ X Vj X fU VJ VJ VJ 


i\U V J JJaO 


GTGPGP AGGTAG ACGGCCTC 

VJ X VjV^VJV'/xVJVJ XxxVJxxVjVJ VJ Vjvj X w 1 


A T)V1 A X&r\ 


GTAPGPAGGTAGAPTGTCTC 

VJ XxxV^VJV^XxVJVJ XxxVJixVj X VJ X Vj X Vj _ 


r\XJ V jOlyc 


GP TTTATPTTP T^TTCGAAG 

VJVjl X XxxX Vj X X Vj X X X X V-xVJXxi XVJ 


ADVA-^Dp 

f\U V *T"ji/C 


TPTPTATG i^GTPTTCGAAG 

X Vj X Vv XxxX VJ X X VJ X Vj X X VjVJxVJTVVJ 


ADV14-3De 


GCTTTATCTTCTCTTCGAAG 






Superprimers 




FSP 


CAGGCCACGTTTTGTCATGC 


RSP 


TTCTTTGCGTTATGTCTCTG 
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